Abstract--The aim of this study was to investigate the time difference (TD) between the onset of uterine contraction (UC) determined from tocodynamometry (TOCO) and identified by maternal perception. The online available Icelandic database was used to calculate TD, which was defined as the difference between when it was felt by a pregnant woman and the starting point on the UC signal recorded by a TOCO. A total of 295 TDs from 78 recordings (from a total of 33 participants; among them, 13 participants included at least 3 recordings from different gestational weeks) were analyzed with the overall mean±SD of TD calculated. For each individual participant with at least 3 recordings, regression analysis was then performed to investigate the relationship between the mean TD from each recording with gestational week, with their overall slope calculated. The results showed that 85.4% of TDs was within [-40, 40] s, with an overall mean TD of 3.04 s (p>0.05), indicating that there was no significant difference between the UC onset determined from TOCO and maternal perception. It was also noticed that 61.5% recordings (48 out of 78 recordings) had all positive or negative TD for all the UCs analyzed within a recording. Furthermore, the regression analysis showed that the regression line slope was negative for 10 out of the 13 participants with at least 3 recordings from different gestational weeks, resulting in that the overall slope (-2.85±5.58) was significantly negative (p<0.05), and indicating that UC onset TD decreased with gestational weeks. In summary, this study quantitatively investigated the TD between the onset of UCs determined from TOCO and maternal perception, providing scientific evidence for future studies to understand the underlying mechanism of the time sequence of UC activity determined from different techniques.
I. INTRODUCTION
Woman's uterus is essentially quiescent throughout pregnancy, and the cervix is rigid and closed. When the fetus is fully developed, the cervix softens and dilates, and the uterus contracts vigorously to expel the fetus [1] . Therefore, the contraction by the smooth muscle, in the myometrium, known as uterine contraction (UC), is of vital importance during pregnancy and parturition [2] . The monitoring of UC activity, including its frequency and intensity [3] , is an important diagnostic tool used during both pregnancy and labor. It reflects the adequacy of uterine activity and is essential to assess progress of labor [4] . Currently, the commonly used methods for measuring UC include intrauterine pressure catheters (IUCP) and external tocodynamometry (TOCO). IUPC is able to provide the most reliable information on UC. However, it is limited by its invasiveness and suffering from ruptured membranes and infection, and has been gradually excluded as the routine diagnostic tool in clinical practice [5] [6] [7] .
TOCO can monitor the uterine activity non-invasively by a pressure transducer placed on the maternal abdomen and thus has been widely used in obstetrics clinical practice [8] [9] [10] . In clinical practice, pregnant woman is often asked to self-recognize the UC to assist the diagnosis [11] . It has been reported that, in term of monitoring fetal movement, there was a good agreement between maternal perception and simultaneous TOCO recording [12] . In addition, there was also a good agreement between UC monitoring with TOCO and maternal perception for counting the number of contractions per hour [13] . However, to the best of our knowledge, the time sequence between UCs determined from TOCO and recognized by maternal perception has not been quantitatively analyzed. Our research would provide evidence for disclosing the mechanism of mechanical transmission (UC propagation) and nerve conduction (self-perception) and help to identify UC accurately.
The aim of this study is to investigate the time difference (TD) between the onset of UCs detected by TOCO and maternal perception. Based on this, the UC onset TD changes with gestational weeks will also be analyzed.
II. MATERIAL AND METHODS

A. Online Database
Icelandic 16-electrode electrohysterogram (EHG) database was used in our study to obtain the TOCO recording and manual UC annotation information. The recordings were performed at Landspitali University Hospital and Akureyri Hospital between 2008 and 2010 in Iceland. Participants had normal singleton pregnancies without known risk factors for preterm birth. The protocol was approved by the National Bioethics Committee in Iceland (VSN 02-006-V4) [11] .
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B. Onset Time Difference Calculation
As shown on the timeline in Fig. 1 , the onset time of the UC felt by the pregnant woman was provided by the database. For example, the annotation of 7:24.210 represented the time when a contraction was felt. The onset of the contraction recorded by TOCO was determined from the point with abrupt slope change, which was marked by × in Fig.1 .
Fig. 1. The onset of UCs marked on the TOCO and felt by the pregnant woman
The time difference (TD) of the UC onset was defined as the difference between the onsets of UC felt by a pregnant woman and determined from the TOCO signal. TD>0 meant the UC onset recorded by TOCO was prior to maternal perception, and vice versa. The overall mean±SD of TD was calculated from all the available contractions.
For each TOCO recording, the number of contractions was counted in terms of whether the TD was positive or negative. The percentage of recordings that had all positive or negative TDs for every UC within a recording was then calculated.
C. Regression Analysis
For theses participant with at least 3 TOCO recordings from at least three different gestational week, regression analysis was performed to investigate the relationship between the mean TD from each recording and the gestational week. Their overall mean±SD of regression line slope was then calculated. Nonparametric test was performed using SPSS 23 (SPSS Inc.) to investigate whether the overall slope was significantly negative or positive. A P-value below 0.05 was considered statistically significant.
III. RESULTS
A. Distribution of the Onset Time Difference
A total of 295 TDs from 78 recordings was obtained from a total of 33 participants. Among them, 13 participants included at least 3 recordings from different gestational weeks. Fig. 2 shows the distribution of all the calculated TDs. It can be seen that 85.42% of TDs was within [-40, 40] s. The overall mean±SD of TD was 3.04s±28.02, indicating that there was no significant difference between the UC onset determined from TOCO and maternal perception (P>0.05). Fig.4 shows the relationship between the mean TD of all UC onset within a recording and gestational week from 13 participants who had at least 3 recordings from different gestational weeks. It is noticed that the slope of regression line was negative from 10 participants, which were positive only from 3 participants.
B. Relationship between UC onset time difference and gestational week
The overall regression slopes (mean ±SD) of was -2.85 ±5.58. Nonparametric test showed that there was significantly different with zero (p<0.05), indicating that UC onset TD decreased with gestational weeks.
IV. DISCUSSION AND CONCLUSION
This study quantitatively investigated the TD between the onset of UCs detected by TOCO and maternal perception from between participants and between recordings. TOCO has been widely used in clinical practice to monitor UC activity. UCs can also be self-detected by pregnant women. The time sequence of the UC onset determined two methods could provide important information in disclosing the mechanism of mechanical transmission (UC propagation) and nerve conduction (self-perception).
Our results showed that there was individual difference in UC onset TD. 85.4% of TDs was within [-40, 40] s, with an overall mean ±SD TD of 3.04s±28.02. Although the individual difference is large, the overall range of TD was evenly distributed on both sides of the 0. There was no significant difference between TD positive and negative.
More interestingly, it was noticed that 61.5% recordings (48 out of 78 recordings) had all positive or negative UC onset time for all the available UCs within a recording. Only seven recordings had equal number of positive and negative TD within a recording. This shows that UC onset TD has a strong towards one side within a recording. This trend of TD illustrates the relatively stability of maternal perception within a single TOCO recording.
In relation to the gestational week, the TD decreased or even became negative with the increase of gestational week. This could be explained that pregnant woman felt UC easier with the increase of UC intensity. Intensity of contraction increased significantly when participants approach labor, with the increase of feeling of familiarity for UC, so that the nervous system can perceive UC even before the onset of UCs detected by TOCO.
One of the limitations of this study is that, for each individual participates, there were not many recordings available. Longitudinal study requires more recordings on different gestational weeks. Also, it would be interested in understand whether other clinical parameters, apart from the gestational week, would affect the TD of UC onset changes. In a further study, more recordings from the pregnant woman at different gestational weeks could be collected and investigated. Next, UC activities will be recognized with both TOCO and maternal perception as reference signals.
In summary, it has been concluded that there are individual differences in UC onset TD determined from different methods, and the TD decreased gradually with the increase of gestational week. This study provided scientific evidence for future studies to understand the underlying mechanism of the time sequence of UC activity determined from different methods.
